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social stressors such as armed conflict. We aim to describe the inequalities and trends of HF
mortality by educational level in Colombia between 1999 and 2017 compared with the cycles of
the internal armed conflict during the same period. An observational study of ecological data
panels, with aggregates at the national level, was conducted. Information from death certificates
with HF as the basic cause of death (COD) was used. Variables of the year of death, sex, age,
department of residence, and educational level were considered. Mortality rates adjusted for age
were calculated. A joinpoint regression was used to model the trend of rates by educational level.
We found that both men and women with primary education had the highest adjusted mortality
rates: among men, RR_primary = 19.06 deaths/100,000 inhabitants, SE = 0.13 vs. RR _tertiary =
4.85, SE = 0.17, and similar differences among women. Mortality rates tended to decrease at all
educational levels, with a greater reduction in people with higher educational levels. In both
sexes, the behavior of the relative index of inequality showed significant inequality, albeit with a
strong reduction during the last decade. Mortality due to HF in Colombia shows inequalities by
educational level. In the prevention of HF, education should be considered a structural social
determinant. In addition, we analyzed the potential role of the Colombian long-term armed
conflict in the observed trends. We highlighted the role of the health sector, together with other
sectors (education, work, and housing), in developing intersectoral public policies that contribute
to the reduction of cardiovascular mortality disparities.

1. Introduction

Globally, heart failure (HF) is a significant clinical problem and a major public health issue due to the morbidity and mortality that
it causes, especially in an aging population [1]. In 1997, HF was identified as an emerging epidemic [2], whose prevalence has been
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estimated at 1-2% in the Western world, and whose incidence has been approximated at between 5 and 10 per 1000 people per year
[3]. Globally, it has been observed that the prevalence of HF has been gradually increasing in the last 28 years worldwide and is
unlikely to reverse in the next ten years [4]. This problem is reflected in the fact that HF has been included in the monitoring indicators
of global and national policies such as the Sustainable Development Goals (SDGs) [5].

Heart failure is a clinical syndrome frequently associated with a structural or functional cardiac anomaly [6]. Worldwide, HF is
more prevalent in women and the elderly [4]. The most frequent causes of HF are hypertension (HT), coronary artery disease (CAD),
acute myocardial infarction (AMI), valvular disease, and atrial fibrillation. The risk factors include obesity, high blood pressure, and
smoking. An incremental incidence has been observed mainly among individuals with a clinical history of diabetes mellitus (DM) [7].

Although there is a definition of HF, this syndrome is susceptible to misclassifications [8] in both the morbidity and mortality
statistics. Mortality statistics are constructed from diseases or events that have been selected as the basic cause of death (COD). HF has
been considered an intermediate COD (despite being a clearly defined clinical entity) because it has a basic cause that triggers the chain
of events that lead to death. In general, physicians who have not had adequate training in the elaboration of the basic COD frequently
use HF in death certificates [9].

Despite the efforts being made worldwide, there is still no early recognition of HF or timely and adequate treatment, leading to a
high burden of disease. Moreover, the limitations in the characterization and treatment are even greater in low- and middle-income
countries (LMIC) because the distribution of the syndrome in the population is unequal [10]. In addressing inequalities in health,
educational level is relevant to the relationship of socioeconomic status with health and mortality. Evidence has indicated that
educational level has a direct effect on the ability to generate income, have an occupation, have access to adequate nutrition, have
housing, and have access to health services: elements that combined can promote a healthy life [11,12,13]. In addition, educational
level can increase the ability to use information to make decisions that can improve the quality of life [14]. Different studies on
morbidity and mortality have demonstrated a temporal trend where a low level of education presages HF [15,16,17,18,19,20,21].

On the other hand, an association between exposure to violence and the presence of cardiovascular diseases (CVD) has been found
[22]. Some studies have shown that warfare and internal armed conflicts contribute to an increase in cardio-metabolic diseases by
limiting access to healthcare services [23,24], and because the stress generated by violent events increases the allostatic load [25,26,
27,28]. Specifically, armed conflict may lead to psychological trauma [28,29], physiological damage [30], and physical injuries
directly caused by armed events (e.g., landmines) or by indirect mechanisms (an increase in the allostatic load due to the additive or
combined effects of stress hormones (e.g., cortisol) on cardio-metabolic function) [23,24,31]. Studies in short and high-intensity war
contexts have shown increases in different acute events of CVDs like ischemic heart diseases (IHD) and AMI [32,33,34], which can
remain as chronic CVD conditions decades later [35,36,37], although none of these studies addressed how a low-intensity and
long-term confrontation affects exposed populations.

In this sense, the Colombian case should be highlighted: for six decades, the country experienced a complex internal armed conflict
with the participation of different actors, in which cycles of violence with different causes, intensities, and contexts occurred over time,
as well as a de-escalation during this century [38,39,40,41].

The Colombian conflict has also been reported as causing the highest amount of internal displacement worldwide [42,43], as well
as a large number of years of life potentially lost due to homicides [44,45]. The country is one of the most unequal territories in the
region, and such inequality has been exacerbated by the internal armed conflict [38].

A previous inequalities spatial-focused study by the National Institute of Health found the relationship between the intensity of the
armed conflict and cardiovascular mortality to be influenced by age, sex, and geographic setting [46].

Different from the abovementioned approaches, in this study, we aim to evaluate the role of socioeconomic inequalities in an acute
CVD event, like those previously identified as increasing in high-intensity armed conflicts, evolving through time in a country with a
long-term armed conflict. We use inequalities in mortality by HF as an explanatory variable in this study because HF [47] and its major
causes, CAD [24,34,46,47], AMI [32,33], as well as major risk factors (DM, HT) [24,35,36,37], have previously been shown to more
accurately reflect the potential effect of the armed conflict.

Knowledge of social health inequalities allows us to advance in recognizing the determinants of the health status of the Colombian
population to evaluate the above-mentioned statements. Socioeconomic inequalities in HF mortality, considering the educational level
and its temporal variations, have not yet been explored in the country. In summary, the objective of this study is to describe the in-
equalities and trends of HF mortality by educational level in Colombia between 1999 and 2017 and to compare how they have evolved
alongside the cycles of the internal armed conflict.

2. Methods

An observational panel study of ecological data, aggregated at the national level, was designed to explore the inequalities of HF
mortality by educational level.
The study used the same approach as previous studies [48,49].

2.1. Variables

To address this study, we obtained death and population counts by year, sex, five-year age group, and educational level as the
explanatory variables. Educational groups were defined according to International Standard Classification of Education (ISCED) levels
[50], as follows: (i) Primary: less than primary, primary, and lower secondary education (ISCED levels 0-2); (ii) Secondary: at least
upper secondary education: upper secondary (e.g., high school) and post-secondary non-tertiary education (e.g., teacher training
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college) (ISCED levels 3 and 4); (ii) Tertiary, i.e., post-secondary level: technical, technological, and university education (ISCED 2011
levels 3-8, 1997 levels 3-6). We separately analyzed sex (men and women), as well as age groups: young: 25-44; middle-aged: 45-64;
and senior: 65 and older. We chose the age of 25 as the lower limit for educational level, considering that almost all individuals will
have accessed their highest educational level by this age [51].

2.2. Mortdlity data

Individual and anonymized registries of all deaths due to HF for the period 1999-2017 were obtained from death certificates and
collected by the Colombian National Agency of Statistics (DANE by its acronym in Spanish) [52]. Deaths coded I50 by the International
Classification of Diseases 10th revision (ICD-10) [53], counted by sex, year, and educational level, with an age at death of at least 25
years old, were used for this analysis.

The codification of the COD in Colombia to classify each death according to cause is addressed in two steps: Firstly, the medical
certificate of death, based on the basic guidelines for the analysis of mortality from PAHO/WHO, allows the identification of the COD
according to the rules of the ICD-10. The basic COD is the disease or injury that set off the chain of pathological events that resulted in
the death of the deceased. If other antecedent diseases contributed to the death, the doctor registers them on the certificate. Afterward,
the Colombian Administrative Statistical Agency (DANE, by its acronym in Spanish) collects and processes the information on the
death certificates to obtain the final COD according to international guidelines.

Since 1998, the data on Colombian death certificates have included information on the educational level of the deceased, but we
used the data from 1999 onwards because we found, when examining the distribution of the level of education for various causes of
death, that the information for 1998 seems to be unreliable and inconsistent, due to the possible lack of full collection coverage for that
year.

Data on five demographic variables (year, sex, five-year age group, department, and urban/rural residence) were available for
almost 100% of all the deaths, while data on educational levels were missing for 26.5% of 56,293 deaths. The proportion of deaths with
missing information on education remained relatively stable during the period (results not shown). We used multiple imputation
methods [54] implemented in SAS through the IMPUTE procedure to impute the educational level for these cases. In short, this
procedure fits a sequence of regression models and draws values from the corresponding predictive distributions. The sequential
regression procedure was applied based on a model that imputed educational level, healthcare insurance scheme, and marital status
based on the demographic variables mentioned above as covariates, excluding an insignificant share of cases with at least one missing.
We obtained five databases, each including five iterations. The results were virtually equal for the five resulting databases. Details of
this method are explained elsewhere [54].

2.3. Population (denominators)

Estimates of population size are available from the DANE, based on demographic projects derived from the 2005 census. However,
these estimates do not contain information on numbers by educational level. Therefore, we directly obtained mid-year population
counts by age, sex, and educational level from microdata of the Colombian Demography Health Surveys (DHS) (22) that are collected
for each five-year period (1995, 2000, 2005, 2010, and 2015). To calculate the population size in each educational group, we obtained
population counts for the educational levels by year, sex, and five-year age group, according to the factors of expansion provided in the
metadata of each survey. Subsequently, we calculated proportions for the educational levels, year, sex, and five-year age groups and
multiplied these by the total population provided by DANE by year, sex, and five-year age group [55]. Finally, we made demographic
projections to obtain population counts for the years in between each lustrum of the surveys using the demographic population
analysis spreadsheets (PASEX) provided by the US Census Bureau, which interpolate and curb the trends [56].

2.4. Analysis

We performed all the analyses with the five multiple databases generated by the multiple imputation procedure. We used standard
techniques as implemented in the PROC MIANALYZE procedure in SAS to combine estimates from all databases and adjust standard
errors to account for uncertainty in the imputation [57]. All analyses were conducted in SAS® version 9.2.

To adjust both rates and standard errors for age at death, we first used the world population according to SEGI as the standard
population [58], resulting in age-standardized mortality rates (ASMR) expressed per 100,000 person-years.

Annual trends in ASMR by sex and educational level were quantified by calculating the estimated annual percentage change
(EAPC), which measures the average rate of change in the mortality rate per year (negative EAPC: decreasing trend, positive EAPC:
increasing trend). To test whether an apparent change in mortality trends was statistically significant, we used a joinpoint regression,
which fits a series of joined straight lines to age-adjusted rates and uses a Monte Carlo permutation method to identify the best-fitting
point (called a joinpoint, the year in which a significant change in the mortality trend occurred), where the rate of increase or decrease
changes significantly [59]. EAPC and joinpoints were determined based on the log-transformed ASMRs and their standard errors.

Additionally, we implemented Poisson regression models with the number of deaths as the dependent variable and the natural log
of person-years as the offset variable. We also incorporated age and educational level as independent variables. We estimated rate
ratios (RR by educational level) by using these Poisson regression models, comparing the mortality of all educational groups with the
mortality in the highest educational group. To assess changes in inequalities ‘controlling” for changes in the educational distribution,
we estimated the relative index of inequality (RII), regressing mortality on the mid-point of the cumulative distribution of education,
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thereby taking into account the size of each educational group [60,61]. Values higher than 1 indicate educational inequalities favoring
the more highly educated. We also calculated how RII evolved during the studied period by calculating an interaction term with year.

Lastly, to describe the association between HF and the Colombian armed conflict, we compared the cycles of lethal violence, as
described in previous literature, with the educational inequalities and trends of HF mortality in Colombia between 1999 and 2017,
obtained by our statistical analyses.

3. Results

There were 56,293 adult (25 years of age and older) deaths due to HF in Colombia between 1999 and 2017, half of them women
(50.1%). Of these deaths, 86.9% were among people who had attained primary education or lower, and 84.2% were among senior (65,
and older) men and women (Table 1). Age-standardized mortality rates (per 100,000 person-years) were 15.6 for adult men (25+
years) and 13.1 for adult women (Table 2). Among both men and women, HF adult mortality decreased significantly from 1999 to
2002 (APC = —12% for both sexes), followed by a non-significant increase between 2002 and 2006, and a rapid decrease from 2006 to
2017 (APC = —8.8% and —9.3%, respectively, for adult men and women) (Fig. 1), for a total decrease along the period of 7% for both
sexes. These oscillations are very similar (in both periods and percentages) for middle-aged and senior men and women (Fig. 2 panels B
and C, respectively), -while oscillations for young adults (Fig. 2 panel A) are not as akin-, and also for all adults (25+ years old) with

Table 1
Descriptives* by age groups and educational level of adult mortality for Hearth Failure (HF) in Colombia, 1998-2017.
Age group Educational Deaths”  Population-year ASMR® with 95% CI APCY of Rate Ratios (RR)®
level® (thousands) ASMR® with 95% CI
APC P
Men Adult Men (25 years Primary 24,185 91,625 19.06 (18.81-19.31) —4.6 0.00 1.84 (1-83-
and more) 1.85)
Secondary 2,904 75,242 9.00 (8.59-9.41) —5.5 0.00 1.65 (1-63-
1.67)
Tertiary 983 44,565 4.85 (4.52-5.18) —6.5 0.00 1.00
Young men (25-44 Primary 525 36,708 1.36 (1.22-1.50) -2.1 0.15 4.52 (4-30-
years) 4.74)
Secondary 245 49,310 0.53 (0.45-0.61) -2.5 0.18 2.68 (2-49-
2.91)
Tertiary 46 30,235 0.16 (0.08-0.24) —4.8 0.03 1.00
Middle-age men Primary 3,269 35,793 8.78 (8.47-9.09) —4.3 0.00 1.83 (1-80-
(45-64 years) 1.85)
Secondary 733 22,214 3.73 (3.32-4.14) —6.5 0.00 1.52 (1-49-
1.55)
Tertiary 224 11,789 2.12 (1.79-2.45) -6.2 0.00 1.00
Senior men (65 years Primary 20,392 19,124 106.63 (105.12-108.14) —4.8 0.00 1.69 (1-68-
and more) 1.71)
Secondary 1,926 3,718 51.79 (48.83-54.75) —-5.4 0.00 1.68 (1-66-
1.69)
Tertiary 714 2,542 28.08 (25.81-30.35) —6.4 0.00 1.00
Women Adult Women (25 Primary 24,729 98,167 16.05 (15.83-16.27) —-7.8 0.00 5.11 (5-02-
years and more) 5.21)
Secondary 2,990 83,948 7.15 (6.88-7.42) —-3.8 0.01 2.40 (2-37-
2.47)
Tertiary 502 50,872 2.96 (2.63-3.29) -7.5 0.00 1.00
Young women (25-44 Primary 424 36,886 1.07 (0.97-1.17) -1.6 0.35 8.80 (8-27-
years) 9.13)
Secondary 198 51,913 0.39 (0.33-0.45) -1.3 0.42 3.69 (3-52-
3.91)
Tertiary 38 36,068 0.12 (0.08-0.16) -0.7 0.77 1.00
Middle-age women Primary 2,589 37,684 6.58 (6.33-6.83) —4.9 0.00 5.95 (5-76-
(45-64 years) 6.29)
Secondary 513 26,776 2.07 (1.85-2.29) —5.1 0.00 218 (2-09-
2.31)
Tertiary 109 12,801 1.01 (0.76-1.26) -2.9 0.11 1.00
Senior women (65 Primary 21,716 23,596 92.03 (90.80-93.26) -5.0 0.00 4.36 (4-33-
years and more) 4.43)
Secondary 2,279 5,260 43.33 (41.49-45.17) -5.9 0.00 2.35 (2-33-
2.38)
Tertiary 355 2,003 17.72 (15.43-20.01) -11.4 0.00 1.00

*Descriptives: a. Educational level after the imputation Primary—=elementary or less. Secondary=up to any secondary level. Tertiary=post-secondary studies.
b. Deaths due to Hearth Failure (HF) after imputation. c. Age-standardized mortality rates (ASMR) per 100 000 inhabitants and Standard error
(SE), using SEGI Standard Population. All estimates for the educational level combine 5 databases generated by multiple imputations. d. Annual
Percentage Change (APC) during the corresponding periods, depending on the Joinpoint model with no joinpoints for the whole period. e. Rate
Ratios (RR) were calculated from Poisson regression models.
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Table 2

Descriptives* by age groups of adult mortality for Hearth Failure (HF) in Colombia, 1998-2017.
Age groups ASMR? with 95% CI APC® of ASMR® Relative Index of Inequality (RII)® with 95% CI

APC (%) P

Adult Men (25 years and more) 15.58 (15.40-15.76) —6.60 0.00 1.90 (1.89-1-91)
Young men (25-44 years) 0.71 (0.67-0.75) —4.80 0.00 5.93 (5.80-6-28)
Middle-age men (45-64 years) 6.28 (6.08-6.48) —6.20 0.00 2.02 (2.00-2-03)
Senior men (65 years and more) 90.73 (89.55-91.91) —5.60 0.00 1.61 (1.60-1-64)
Adult Women (25 years and more) 13.11 (12.95-13.27) —6.70 0.00 10.04 (9.89-10-14)
Young women (25-44 years) 0.53 (0.49-0.57) —4.70 0.00 14.41 (13.70-15-33)
Middle-age women (45-64 years) 4.30 (4.14-4.46) —6.70 0.00 13.98 (13.56-14-34)
Senior women (65 years and more) 78.91 (77.91-79.91) —5.70 0.00 8.57 (8.43-8-70)

*Descriptives: a. Age-standardized mortality rates (ASMR) per 100 000 inhabitants and Standard error (SE), using SEGI Standard Population. All
estimates for the educational level combine 5 databases generated by multiple imputations. b. Annual Percentage Change (APC) during the cor-
responding periods, depending on the Joinpoint model with no joinpoints for the whole period. c. Relative Index of Inequality (RII) were calculated
from Poisson regression models, encompassing the three educational levels: Primary = primary. Secondary = any secondary level. Tertiary = post-
secondary studies.

primary and secondary education, while tertiary-educated adult men and women had a more continuous decrease during the period
(Fig. 3 panels A and B) of 6% (Table 2). Overall, all sex, age, and educational groups had a reduction in the ASMR during the period
(non-significant for young women, who mostly had lower ASMR) (Table 1). Among seniors, the reduction in ASMR for the whole
period was higher for those who were more highly educated (APC = —6.4% and —11.4%, respectively, for people) if compared with
those with primary and secondary education, who had a lower reduction. This result is not as consistent among middle-aged and young
men and women (Table 1).

At all age groups, men and women with the lowest educational level had the highest ASMR (Table 1). In addition, ASMRs by age
group were higher in men than in women for each educational level (Table 2), but the difference was much greater between higher-
level and lower-level-educated adult men if compared with their women counterparts: RR for primary-educated men were 1.84 (95%
CI: 1.83-1.85) and 1.65 (95% CI: 1.63-1.67) for those with a secondary education, both compared with those with higher education as
a reference (Table 1). The same RR for adult women were much higher: RR/primary-women = 5.11 (95% CI: 5.02-5.21) and RR/
secondary-women = 2.40 (95% CI: 2.37-2.47), compared with tertiary-educated adult women. Those differences are greater among
younger people, and smaller among seniors (Table 1).

The RII was considerably higher in women (10.04, 95% CI: 9.89-10.14) than in men (1.90, 95% CI: 1.89-1.91), with greater
inequalities in the 25-44-year-old groups for both sexes (Table 2). These results reinforce the previously mentioned findings on RRs
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A. Adult men (25 and more years) by educational level
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Fig. 3. Adult (25 years or more) Hearth Failure (HF) mortality by educational level separately by men and women, Colombia, 1998-2015. A. Adult
men (25 and more years) by educational level. Adult (25 and more years) men by Educational levels: Primary=elementary or less. Secondary=up to any
secondary level. Tertiary=post-secondary studies. Hearth Failure (HF) adult (over 25 years of age) mortality rates were standardized using SEGI
Standard Population. The lower limit for educational level is 25 considering that almost all individuals will have accessed their highest educational
level by this age. Markers: The points represent yearly adult age-standardized mortality rates (ASMR) by educational group separately by sex; the
lines represent the trend lines between the joinpoints. The numbers adjacent to the lines represent the estimates of the annual percentage change
(APC) during the corresponding periods, depending on the Joinpoint model; one star indicates statistical significance at « = 0.05. B. Adult women
(25 and more years) by educational level. Adult (25 and more years) women by Educational levels: Primary=elementary or less. Secondary=up to any
secondary level. Tertiary=post-secondary studies. Hearth Failure (HF) adult (over 25 years of age) mortality rates were standardized using SEGI
Standard Population. The lower limit for educational level is 25 considering that almost all individuals will have accessed their highest educational
level by this age. Markers: The points represent yearly adult age-standardized mortality rates (ASMR) by educational group separately by sex; the
lines represent the trend lines between the joinpoints. The numbers adjacent to the lines represent the estimates of the annual percentage change
(APC) during the corresponding periods, depending on the Joinpoint model; one star indicates statistical significance at a = 0.05.
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Fig. 4. Trends in the Relative Index of Inequalities (RII) of Adult (25 years or more) Hearth Failure (HF) mortality by educational level separately by
men and women, Colombia, 1998-2015. Relative Index of Inequality (RII) were calculated from Poisson regression models, encompassing the three
Educational levels: Primary = elementary or less. Secondary = up to any secondary level. Tertiary = post-secondary studies. Markers: The points
represent yearly Relative Index of Inequality (RII) separately by sex; the lines represent the trend lines between the joinpoints. The numbers adjacent
to the lines represent the estimates of the annual percentage change (APC) during the corresponding periods, depending on the Joinpoint model; one
star indicates statistical significance at a = 0.05.

obtained for these groups, although the SMRs were higher for men than for women (Table 1). RII trends show a significant increase
between 1999 and 2009 for both sexes (APC = 9.83% and 14.06%, respectively, for adult men and women), followed by a significant
decrease from 2009 to 2017 (APC = —9.96% and —9.98%, respectively, for adult men and women) (Fig. 4).

4. Discussion

Colombia, like other countries in the Latin American region, is characterized by a high level of socioeconomic inequalities that
affect the overall health situation. At the same time, and as a particular problem, the internal armed conflict has contributed to the
increased burden of disease, economic instability, and restrictions on access to preventive medicine. Previous literature has reported
that those with lower socioeconomic status are more exposed to armed conflict and its consequences [62,63,64]. According to the
cycles of the internal armed conflict, there is an association with HF and, consequently, with its risk factors, which deserves to be
properly analyzed. Considering this triad between armed conflict, socioeconomic inequities, and health status, this study shows the
presence and persistency of inequalities by educational level in mortality for HF in men and women. Our study found the lowest
mortality rate by HF among individuals with tertiary education; furthermore, inequalities were greater among the younger members of
both sexes.

4.1. Analysis of results

All Colombian departments/provinces reported conflict events in their territories between 1985 and 2020, and at least 25 of the 32
reported more than 100,000 conflict events, totaling 10,608,112 [65].

A recent review study points out the critical association between armed conflict and the increase in cardiometabolic risk factors
[66] that contribute to inequalities. This association has been interpreted as due to limited access to health attention [23] and re-
strictions in the implementation of public health action during active confrontations [66]. Furthermore, concordant with our present
findings, a previous study shows a consistent reduction in mortality rates and inequities since 2010, coinciding with the finding of a
steady decrease in homicide rates since 2002, with a brief peak in 2009 [38]. This allows us to suggest that lower exposure to armed
conflict lowers the mortality by CVD [67], and fewer armed conflict confrontations diminish inequalities [38]. In summary, we
interpreted our findings because of a combined phenomenon involving the consequences of armed conflict (such as the one observed in
Colombia) and the introduction of a restriction of socioeconomic activities, which consequently limited preventive action to tackle HF
[66].

Lower educational levels have been shown to be associated with a higher risk of HF events, such as increased diagnosis, hospi-
talizations, or deaths among chronic HF patients, in studies conducted worldwide [14,15,19,35,37], and in Colombia [39].

Additionally, some of these studies evaluated other socioeconomic variables such as occupation, sociocultural factors, and marital
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status, showing inequalities in HF mortality due to these variables. The aforementioned could be explained by what has been reported
on the close relationship that exists between educational level and other social determinants of health, such as occupation and income
level, and its impact on the health of individuals and populations [12].

However, there is still little knowledge about the relationship that may exist between the quality or content of education and
mortality and how the educational level of individuals is associated with a variety of other economic and social characteristics
throughout their lives, such as employment status, income, family training patterns, and access to medical care.

Although the ASMRs by HF were higher for men than for women, the educational inequalities in mortality by gender showed
greater differences and higher values for RII in women. Some studies that considered gender as a sociodemographic variable of analysis
for the risk of HF reported similar associations in men and women, higher risk in men than women [68], or variations between gender
according to educational level [69].

Such differences between higher ASMR in men but greater RII in women are unexpected, but these could be explained by the
premature death of men with HF due to other injuries of an external cause (including armed conflict), considering that in Colombia,
81% of violent deaths occur in men [70].

The results of this study also show that HF mortality rates decreased over the observed window for all educational and age groups,
particularly since 2006, with the largest reduction being for those with a high educational level. A reduction in inequalities (RII) in
men and women was observed since 2010. This result is consistent with the de-escalation of the internal armed conflict that reached its
peak around 2002 and describes a continuous reduction since 2010 [71].

Concerning the oscillations of the internal armed conflict, a previous study handled the same joinpoint analyses used herein [38],
using urban/rural homicide rates in Colombia (1992-2015) as a proxy for the intensity of the conflict. In that study, three critical
inflection points that we use as a reference for this study were identified: 1997, 2002, and 2005/2006. In fact, these are essentially the
same joinpoints in this study. Therefore, we can analyze these periods as follows.

(i) For the whole period, those with a higher educational level (who predominantly reside in urban settings [72]) had a steady
decrease in HF mortality—measured by the APC—over the whole period (1999-2017) (Table 2). Coinciding with this trend, the
above-mentioned study (Vallejo et al., 2018) found a similar period (1999-2015) with a reduction or non-significant changes in
urban homicide. Both urban homicide and HF among the higher educated reduced or did not have any meaningful change,
apparently revealing that the benefits of the steady reduction of the internal armed conflict during 1999-2015/2017 privileged
the most favored population, at least at the beginning of the analyzed period—that of the increasing violence.

(ii) In the period 1997-2002, there was an increase in homicidal violence that was pronounced and statistically significant in rural
but not urban settings, while the urban violence associated with drug cartels in the major cities largely reduced. It coincides
with the escalation of the internal armed conflict. The reduction of HF during this period could have been driven by the de-
escalation of the conflict in urban areas, in which around 70% of the Colombian population lives [72].

(iii) From 2002 to 2005/2006, there was a pronounced reduction in homicides, in both rural and urban areas, among men and
women, which can be attributed to a large extent to the increase in the operational capacity of the Security Forces [72]. This
period coincides with stagnation in HF mortality, except for those more favored, in which the reduction of HF remained steady,
as explained above. The national reduction in the intensity of the conflict, therefore, coincides with the stabilization of the
mortality rate in HF among the less educated.

(iv) Since 2005/2006, trends in homicide have continued to decrease in both rural and urban areas among men and women, with a
minor stage of stagnation within the period around 2010 [38]. This coincides with a steady reduction in HF among all
educational groups, much stronger among those with primary and secondary educational levels (Fig. 3 panels A and B), similar
to the more pronounced reduction of homicidal violence among those in rural areas. In fact, the total reduction in the APC of the
HF mortality for the whole period was higher for those with lower educational levels (Table 2).

Therefore, the de-escalation of the armed conflict seems to favor those most deprived, with noticeable reductions in HF mortality
among the less educated (see iv), while the most privileged seem to have advantageous conditions, having lower homicide and HF
mortality rates when the conflict escalates (see i).

4.2. Study limitations

This study was based on a large sample of information related to HF mortality registered in the country between 1999 and 2017.
However, there were limitations, firstly due to the source of information, secondly, due to the imputation method, thirdly, due to the
use of an educational level as a socioeconomic indicator; and fourthly, the non-consideration of other factors related to HF. Firstly, the
use of a secondary source of information, as mentioned previously, could have contained a poor classification of HF when the COD was
certified at the time of preparing the death certificate, which could cause a bias in the results presented. Establishing the underlying
COD is difficult when the history of the disease is complex. Sometimes causes of death are ambiguously recorded. Added to this is the
infrequency with which an autopsy is performed, whether the death occurs in a health service or not. This can lead to misclassification
and, consequently, to the over-registration or under-registration of HF in people who were not diagnosed when they were alive and the
subsequent impact on the results. However, the DANE classifies the basic COD in the mortality database, considering not simply a
diagnosis but a combination of direct COD and up to three antecedent causes based on the codes that were recorded on the death
certificate by the doctor. This limitation could explain the trend in the reduction of mortality rates evidenced in the results of the study.

The second limitation is that, given the lack of information on the level of education of the deceased, an imputation method was
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used to complete the missing data. Its use could cause, among other aspects, the appearance of biases, the underestimation of the
variances, the overestimation of the correlations, or the underestimation of the confidence intervals [73].

In the case of the third limitation, the use of the educational level as a socioeconomic indicator, although it has advantages, also has
disadvantages. One of the advantages is that the educational level, which is attained in the early phases of life, allows the classification
of people who do not work. It is also an individual measure of socioeconomic position [74]. A disadvantage is that it has been indicated
that, in general, individuals reach their highest level of education at the beginning of adult life, a situation that means that educational
level does not allow a precise indication of current socioeconomic position [75]. On the other hand, although educational level has a
close relationship with other sociodemographic variables, which justifies its use when evaluating people’s living conditions, this can
also represent a disadvantage given the possibility that these variables can be confusing.

Finally, as a fourth limitation, it should be considered that the association between HF and educational level may mediate other
non-sociodemographic factors not considered in this study, such as HT, DM, and body mass index [76], among others.

5. Conclusions

The results of the study showed higher mortality rates due to HF in men than in women, with an increasing trend in 2002 and a
significant decrease as of 2006, which is coincident with the cycles of violence that have been experienced in Colombia within its
period of internal armed conflict. This could represent an opportunity.

Inequities according to educational level occurred in both sexes, suggesting that the lower the academic achievement, the higher
the risk of death from HF. However, the differences were not only greater in women than in men but also differed among women
according to their educational level. Despite the limitations mentioned in the study regarding the use of educational level as a variable,
these results support the importance of incorporating the perspective of social determinants of health in the prevention of and
approach to public health problems such as HF.

Considering that mortality from HF has been associated with high-intensity conflicts, the decrease in the internal armed conflict in
Colombia can play an important role in reducing rates and inequities in mortality from HF, not only because of the reduction in
stressors but also because those with lower socioeconomic status are more exposed to the violence that results from the conflict.

In the prevention of HF, the planning and evaluation of health actions should be considered to help reduce the inequities observed
in research. In Colombia, the Ten-Year Public Health Plan, 2012-2021, incorporated the approach of social determinants of health, so
it would be expected that through the different proposed strategies of promotion and education for health, it will be possible to reduce
social inequities in health and, therefore, have a positive impact on reducing mortality from HF.

It is relevant to focus these strategies on the most disadvantaged sectors, usually those with the lowest educational level. For
example, increased coverage and access to secondary and tertiary education in rural areas could improve the trends shown in the
study, especially since these regions were the most affected by the internal armed conflict.

Health education also appears to have a promising place in promoting healthy lifestyles. Likewise, the health sector, together with
other sectors (education, work, housing), may develop intersectoral policies that contribute to reducing disparities in cardiovascular
mortality together with public health interventions aimed at controlling chronic diseases.

As they are included within the SDGs at the global and local level, these actions to promote health and prevent CVDs should be
considered more seriously in the psychosocial rehabilitation strategies for victims of the internal armed conflict incorporated in the
Final Agreement for the Termination of the Conflict and the Construction of a Stable and Lasting Peace [77], signed between the
government of Colombia and the Revolutionary Armed Forces of Colombia-FARC.
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